Introduction
Proteoglycans are major components of the ubiquitous extracellular matrix together with collagen in mammalian and avian tissues,and have been implicated generally in morphological interaction.1)Since the development of an efficient procedure for the extraction of proteoglycans from connective tissues as described previously,1b,2)it has become possible to isolate quantitatively proteoglycans from connective tissues in a more native state.
Recently,intensive studies on collagen fibril formation in the presence of various glycosaminoglycans have been performed.3)The previous studies on the changes in the synthesis of glycosaminoglycans and collagen in embryonic chick skin showed that hyaluronic acid and chondroitin sulfate components decreased at an early stage,then dermatan sulfate components increased gradually together with accelerated deposition of collagen during development.4)Parry et al.5)reported that tissues with the largest diameter collagen fibrils(mass average diameter 200nm)have a high concentration of dermatan sulfate.On the other hand,Scott and Orford6)reported that dermatan sulfate rich in proteoglycan is associated with rat tail tendon collagen at the d band in the gap region by using an electron microscope.These observations led me to elucidate whether or not proteodermatan sulfate functions in promotion of collagen fibrillogenesis and deposition in the extracellular matrix of connective tissues.However,there
is as yet little understanding of the function and A 10% acrylamide gel was prepared in 0.1% SDS,0.375M Tris-HCl buffer (pH 8.8),to which was applied a 3.6% acrylamide stacking gel in 0.125M Tris-HCI buffer (pH 6.8).The running buffer was 0.38M glycine,0.1% SDS,0.05M Tris-HC1 buffer(pH 8.4). The sample buffer contained 1% SDS,0.0006% bromphenol blue,and 16% glycine in 0.08M Tris-HCl buffer (pH 6.8).SDS-PAGE was carried out at 3mA/tube for 2.5h at room temperature.The gels were removed and stained for 15min in 0.1% Coomassie brilliant blue R-250 for protein or in 0.2% toluidine blue for proteoglycan(PG).9 ) The gels were destained in 7% acetic acid,25% methanol for protein or in 3% acetic acid for PG. (pH 7.8)containing 5mm CaCl2 was added,and the resulting solution was boiled for 30min,then subjected to pronase digestion,followed by deproteinization with trichloroacetic acid, dialysis,and lyophilization to isolate
GAGs.The isolated GAGs were subjected to two-dimensional electrophoresis on cellulose acetate membranes.10)A cellulose acetate membrane (10•~10cm) kept in 25% methanol was soaked in 0.1M pyridine-0.47 M formic acid buffer (pH 3)before sample application.In the first dimension, 2 to 5ƒÊl of sample(about 1ƒÊg of GAGs) was placed on the same line as a reference GAGs solution which contained 1ƒÊg each of CS, DS and HA.An indigo tetrasulfonate as a guide marker was spotted at the same place as the reference GAGs.Electrophoresis was carried out at 10mA until the guide marker reached within about 10mm from the anode side of the membrane(about 1h).The reference GAGs run was cut off for staining.In the second dimension,further reference GAGs (CS,DS and HP)were applied on the same line as the sample migrated in the first run.Electrophoresis was carried out with 0.1M barium acetate as the running buffer at 1mA/cm for 4h.After electrophoresis, the membrane was stained for 15min in 0.1% alcian blue in 0 .1% acetic acid and destained in 0.1% acetic acid. Preparation of Antibody to Core Protein-Antibodies were raised in Sprague-Dawley rats.Approximately 0.4mg of the core protein was suspended in 1ml of 1/15M PBS and 1ml of complete Freund's adjuvant.The mixture was injected under the skin of the back of each rat.
Booster injections with incomplete Freund's adjuvant were given twice,after three weeks and six weeks.The rats were bled at intervals of one or two weeks and the presence of antibodies was monitored by using PHA.The serum was collected eight weeks after immunization.The antibody from the serum was purified by chromatography on a chondroitinase ABC-CH-Sepharose 4B column to remove antibody to the enzyme and on a PDS-CH-Sepharose 4B column(3ml gel).The bound antibodies were eluted with 3M NaSCN,0.05M Tris-HCl buffer(pH 7.6)and rapidly dialyzed against 0.05M Tris-HCl buffer(pH 7.6)containing 0.02% sodium azide. 
Results
Proteoglycan Isolation and Properties Extraction of the calf skin with a buffer containing 3M MgCl,resulted in solubilization of about 72% of the total uronic acid.The dialysis of the extracted solution against water resulted in precipitation of major PG(mainly PDS)and collagen.Its supernatant fluid mainly contained HA and other proteins.The precipitated material dissolved in 7M urea was directly applied to a DEAE-cellulose column.Approximately 76% of the uronic acid-containing material was recovered in the fraction eluted from the first DEAE-cellulose column with 2M NaCI.In this procedure,contaminants such as major collagen and glycoproteins in extracted solution were removed by washing with 0.15 M NaCl solution.Furthermore,to remove minor proteins,the 2M NaCl fraction dissolved in 4M urea was applied to the second DEAEcellulose column.The 0.2M NaCI and 0.25M NaCl fractions were both alcian blue-positive, but significant quantities of uronic acid were present in the 0.25M NaCl fraction.Amounts of proteoglycan obtained were approximately 42mg(from about 1kg of calf skin).Analysis of the GAG of the 0.25M NaCl fraction by two-dimensional electrophoresis on a cellulose acetate membrane showed the presence of a single dermatan sulfate spot (Fig.1,inset) .This spot was sensitive to chondroitinase ABC,but not to chondroitinase AC.
To estimate the size of the proteoglycan,purified PDS and its core protein were subjected to SDS-PAGE without any reductant such as 2-mercaptoethanol.As shown in Fig.2(lanes 3  and 4) ,each SDS-PAGE showed a single band with an apparent molecular weight(Mr)of 112000(PDS)or 56000(core protein),which was stainable with Coomassie brilliant blue.The mobility of these bands was not substantially affected by reduction of the sample,indicating that they are not composed of disulfide-bonded subunits.The amino acid composition of PDS The 2m NaCI eluate from the DEAE-cellulose column was dialyzed against 4M urea. 0.15M.NaCI,0.05M Tris-HCl buffer(pH 7),and rechromatographed on a DEAE-cellulose column equilibrated with the same buffer.The column was eluted with the following NaCl concentrations,and 18ml fractions were collected: 1,0.2m NaCl;2,0.25M NaCl;3,0.3M NaCI;4,1 M NaCl.A GAG preparation from the 0.25M NaCl eluate was subjected to twodimensional electrophoresis on a cellulose acetate membrane and was stained with 0.1% alcian blue(inset).HA,hyaluronic acid;DS,dermatan sulfate;CS,chondroitin 4-sulfate: HP,heparin.The small arrow indicates the origin. is given.in Table I .PDS is distinguished from the Al-Dl monomer from bovine articular cartilage2)by high contents of aspartic acid,glutamic acid and leucine.The amino acid analysis of dried PDS indicated a protein content of 56%.
GAGs Analysis on HPLC To estimate the size of GAG,PDS was treated with 0.5M NaOH,digested with pronase, and subjected to HPLC as described under Materials and Methods (Fig.3) .DS was eluted as a peak with Kav of 0.21.Comparison with GAG standards indicated that DS has an average Immunochemical Properties Specificity of and PDS-core protein antibody was determined by PHA-inhibition test, ELISA,double diffusion and immunoblotting.The antibody purified by affinity chromatography showed a titer of 1:1024 on PHA.The Ouchterlony double diffusion using specific antibody showed a single precipitin line fused with both PDS and its core protein(data not shown).However,the antibody showed no precipitin line with bovine plasma fibronectin and human laminin.Furthermore,no immunoreaction was observed between the antibody and Al-Dl monomer or types I,II,III and VI collagens by ELISA (Fig.5) .
In order to elucidate the immunological determinants of the polyclonal antibody,I employed the PHA-inhibition test.As shown in Table II When the proteins separated on SDS-PAGE were transferred to nitrocellulose paper and stained with antibody against core protein as described under Materials and Methods,the PDS and its core protein on the blots were detected by indirect immunochemical staining with antibody (Fig.6 ).
Immunofluorescence Staining
The tissue distribution of PDS in normal human skin (Fig.7a) ,bovine liver (Fig.7b ), articular cartilage (Fig.7c) and kidney( Fig.7d) was examined by using indirect immunostaining.The staining with anti core protein antibody in tissues was generally observed along with interstitial collagen(types I,II and III).Anti core protein antibody in skin (Fig.7a) reacted throughout all levels of the dermis,though the staining was apparently more prominant in the papillary layer of the dermis,and PDS was widely distributed in bundles and whirlpools along with types I and III collagens.However, epidermis,the basement membrane of the dermis-epidermal junction and hair follicles were not stained.The staining of the liver (Fig.7b) showed a clear delineation of the interstitium of a central vein and a portal space surrounded by connective tissue,but not intralobularly in the perisinusoidal space(fine reticular meshwork which is composed of types I and III collagens).17)In the kidney (Fig.7d) ,PDS was codistributed with types I and III collagens (data not shown)in the connective tissue,but not in the basement membrane of glomeruli. Furthermore,when an articular cartilage section was mildly pretreated .with testicular hyaluronidase,it was strongly stained with anti core protein antibody (Fig.7c) .These stainings were completely inhibited by the preincubation of and core protein antibody with the corresponding antigen before application to the tissue section(data not shown).
Discussion
The first step of the purification of PDS was based on the fact that PDS is precipitated with collagens(especially types I and III collagens)by means of dialysis against water.Next, the precipitate containing PDS-collagens complex was dissolved in 7 M urea and applied to a DEAE-cellulose column (Fig.1) .This method was advantageous to separate negatively charged proteoglycan from the solution.Two kinds of PDS with distinct molecular weights were obtained by stepwise elution with various NaCl concentrations from DEAE-cellulose, Mr=112000 and 98000 (Fig.2) .The presence of low-molecular PDS in skin was reported by Matsunaga and Shinkai.18) As shown in Fig.4 (Table  II) .In addition,when PDS was pretreated with trypsin for 1h,its inhibitory activity disappeared completely.These results suggest that polyclonal antibody against PDS recognized a core protein.
The present immunofluorescence studies were performed for comparison with the distributions of various types of collagen in tissues stained with antibody raised against collagens.The results revealed that PDS is apparently codistributed with types I and III collagens.However,the perisinusoidal space composed of types I and III collagens in bovine liver17)was not stained with anti PDS-core protein antibody (Fig.7) .Furthermore,we found that hyaline cartilage such as articular and bronchial cartilage was well stained with the antibody against the core protein of PDS after pretreatment with testicular hyaluronidase (Fig.7C) ,and we isolated and characterized the cartilage PG immunoreactive with the antibody to PDS-core protein. 25) As PDS is smaller than other PG1)and does not interact with hyaluronic acid, PDS may easily interact with collagen molecules as described previously.6)These observations suggest that PDS may be an important factor in collagen fibrogenesis and collagen deposition in tissues.The antibody described above will be useful for biochemical analysis and for studies on the variation of PG structure and function in connective tissues.
